Aims: To investigate the usefulness of ultrasound biomicroscopy for evaluating changes in the ciliary body in patients with Vogt-Koyanagi-Harada disease. Methods: Ultrasound biomicroscopy was used to evaluate 14 eyes of seven patients diagnosed with Vogt-Koyanagi-Harada disease. Cross sectional images of the ciliary body and thickness of the pars plana 3.0 mm posterior to the scleral spur were examined. Predicted thickness of the pars plana was obtained by multiple linear regression analysis of thickness in the acute phase and in the remission phase. Results: In the active phase, the cross sectional images showed a shallow anterior chamber in eight of the 14 eyes, ciliochoroidal detachment in five eyes, and a thickened ciliary body in all 14 eyes. Internal reflectivity of the ciliary stroma was low, with ciliary processes being unclear in 13 eyes. One month after steroid treatment, slit lamp examination findings were normal in 14 eyes. 10 eyes of five patients were examined by ultrasound biomicroscopy at this stage. Ciliochoroidal detachment was no longer seen in any eye. Internal reflection of the ciliary stroma became relatively homogeneous, and the ciliary processes were seen, though not clearly. However, the pars plana remained thickened. The actual thickness was greater at 1 month after steroid treatment than the predicted thickness for the remission phase. In the remission phase, the internal reflection was homogeneous and the ciliary processes were delineated clearly in all 14 eyes. Conclusion: Objective, quantitative evaluation of the ciliary body is possible with ultrasound biomicroscopy during the course of Vogt-Koyanagi-Harada disease. Ultrasound biomicroscopy is useful in determining disease activity in the anterior segment and in monitoring the clinical course, and it may improve evaluation of the efficacy of treatment.
V ogt-Koyanagi-Harada disease is a panuveitis with serous retinal detachment and symptoms of meningeal irritation; the disease is accompanied by varying degrees of inflammation of the iris, ciliary body, and choroid. 1 2 The associated pathological changes in the ocular fundus have been examined thoroughly by ophthalmoscopy, fluorescein angiography, and ultrasonography. [1] [2] [3] [4] Changes in the anterior portion of the eyeball have been examined in detail by means of slit lamp biomicroscopy. Shallow anterior chambers have been observed in the active phase of the disease, [5] [6] [7] and oedematous swelling has been seen in the ciliary processes by cycloscopy. 6 However, pathological processes in the ciliary body can be observed only partially by this means, even by those skilled in the observation of scleral depression.
The 50 MHZ ultrasound biomicroscope provides for detailed examination of the anterior segment of the eyeball. The diagnostic utility of ultrasound biomicroscopy has been reported for anterior segment disorders such as glaucoma, iris tumour, corneal diseases, and ocular trauma. 8 9 Ciliochoroidal detachment has been detected by ultrasound biomicroscopy in the active stage of Vogt-Koyanagi-Harada disease, [10] [11] [12] [13] [14] and swellings were observed in the pars plicata and pars plana of the ciliary body in two patients, also in the active stage. 13 14 However, ultrasound biomicroscopic features of the ciliary body itself over the course of the disease have not been fully clarified. Thus, we investigated whether changes in the ciliary body in patients with Vogt-Koyanagi-Harada disease could be observed via ultrasound biomicroscopy and used for objective, quantitative evaluation of the disease status.
PATIENTS AND METHODS
The subjects were seven consecutive patients who were diagnosed with Vogt-Koyanagi-Harada disease at Osaka City University Hospital between November 1996 and December 2000 and observed during the active phase of the disease and for more than 1 year thereafter. The clinical profiles of the seven patients (four men and three women), who ranged in age from 27 to 59 years (mean 44.4 years), are shown in Table 1 . The follow up periods ranged from 1 year 10 months to 6 years (mean 39 months).
The diagnosis of Vogt-Koyanagi-Harada disease was dependent upon (1) no history of penetrating ocular trauma or surgery preceding the initial onset of uveitis, (2) binocular iridocyclitis, (3) serous retinal detachment or optic disc hyperaemia or oedema, (4) delayed choroidal filling in the early fluorescein angiography phase and numerous sites of punctate hyperfluorescence caused by dye leakage, and (5) auditory and neurological manifestations (headache, meningismus, and tinnitus) or cerebrospinal fluid pleocytosis. In addition to routine examinations such as slit lamp microscopy and ophthalmoscopy, both eyes of each patient were examined by ultrasound biomicroscopy throughout the active and remission phases of the disease. Remission was defined as the absence of symptoms and abnormal findings observed in the active phase in both the anterior chamber and fundus for 1 year or more after treatment.
Ultrasound biomicroscopy images of the anterior segment are influenced by changes in lighting and also by administration of pilocarpine. 15 Because it is necessary for the pupil to be consistent in size for follow up examinations, all eyes were examined through dilated pupils with a model 840 ultrasound biomicroscope and a 50 MHZ transducer (Humphrey Instruments, Inc, San Leandro, CA, USA). Images extending from the iris root to the pars plicata and pars plana were obtained from four directions-that is, at the 12, 3, 6, and 9 o'clock positions. The depth of the anterior chamber, the ciliary body in cross section, and the thickness of the pars plana were examined.
Since results obtained by a single examiner are reportedly more reproducible than those obtained by more than one examiner, 16 17 one of us (TK) performed the ultrasound biomicroscopic examinations throughout the study. We removed the water storage cup attached to the biomicroscope apparatus because the cup restricted the visual field of the examiner and made it difficult to keep the conditions of the examinations constant. Without the cup, physiological saline was pooled in an adhesive drape, as is done for ultrasonographic examination by the immersion method. The eyelid was kept open with a lid retractor, and the position of the eyeball was monitored throughout the examination.
The anterior chamber depth was defined at the centre of the chamber as the distance between the posterior surface of the cornea and the anterior surface of the lens on cross sectional images. When the depth of the anterior chamber was more than 0.15 mm less in the active phase than in the remission phase, 12 the eye was said to have had a shallow anterior chamber in the active phase. Thicknesses of the pars plana and sclera were measured during the follow up examinations along a line that was drawn perpendicular to the surface of the sclera at a point 3.0 mm posterior to the scleral spur ( Fig 1A) . That point, 3.0 mm posterior to the scleral spur, was chosen for High dose = betamethazone 20 mg/day as the first dose for 3 days, then tapering; pulse = methylpredonisolone 1000 mg/day for a period of 3 days, followed by 3 mg of predonisolone, then tapering; oral = predonisolone 30 mg/day as the first dose for 1 month, then tapering. accurate comparison of thickness measurements because points 1.0-2.0 mm posterior to the scleral spur were in the pars plicata portion; thus their images were subject to change during examination. Points more than 4.0 mm posterior to the scleral spur were situated at the peripheral area in a 5 × 5 mm field of the ultrasound biomicroscopy images. With image analysis software (NIH Image, version 1.58), the brightness along the line described above was expressed in 256 gradations and plotted as shown in Figure 1B . A border between the sclera and the pars plana and a border between the pars plana and the vitreous were determined as shown in Figure 1B . Thus, the thickness of the sclera was defined as the distance between the external surface of the sclera and the sclera-pars plana border, and the thickness was expressed as the number of pixels between these two borders. The thickness of the pars plana was defined similarly as the distance between the sclera-pars plana border and the pars plana-vitreous border and was expressed as the number of pixels. Because cross sectional ultrasound biomicroscopy images of the ciliary body can vary according to the angle of the probe directed toward the eyeball, reproducibility of our ultrasound biomicroscopic examinations was assessed in the following manner. The examiner repeated the ultrasound biomicroscopic measurements five times in each of five eyes of five healthy volunteers, and another examiner (SW) calculated the coefficients of variation obtained for the thicknesses of the pars plana and the sclera. The within group variation obtained for the thickness of the pars plana in normal eyes was 3.68% and the between group variation was 26.0%. Within group variation for the sclera in the normal eyes was 1.63% and between group variation was 12.9%. Thus, good reproducibility was obtained.
The paired t test was used for statistical comparison of the pars plana thicknesses, which were obtained in all 14 eyes of the seven study patients, between the active and remission phases. In addition, in 10 eyes of five patients in whom ultrasound biomicroscopy examination was performed 1 month after the start of steroid treatment, one way analysis of variance with a least significant difference test was used for statistical comparison of the thicknesses obtained in the active phase, 1 month after steroid treatment and in the remission phase. Statistical computations were done on a personal computer with SPSS 9.0 J (SPSS Inc, Chicago, IL, USA). A p value of less than 0.01 was considered significant.
Because the thickness of pars plana can vary even among healthy individuals, a general treatment goal can not be set for the pars plana thickness. Thus, for each patient, we predicted the pars plana thickness during remission for objective evaluation of the changes in the pars plana thickness over the course of the disease. The prediction was done by multiple linear regression analysis of thickness in the active phase and in the remission phase in 14 eyes of the seven study patients. We calculated the predicted value and 95% confidence interval in the remission phase using the regression line, and the predicted value was compared with the actual thickness of the pars plana measured at 1 month after steroid therapy.
RESULTS
The results of ultrasound biomicroscopy during the acute stage of illness are summarised in Table 2 . Shallow anterior chambers were observed in eight of the 14 eyes during the active phase, and ciliochoroidal detachment was observed in five eyes during this phase. The anterior chamber was shallow in four of the five eyes with ciliochoroidal detachment. Cross sectional images showed a thickened ciliary body in all 14 eyes. In 13 eyes, internal echo reflections of the ciliary body were weak, and the ciliary processes were not delineated clearly. One month after steroid treatment, the depth of the anterior chamber appeared normal in all 14 eyes under slit lamp examination, and no inflammatory cells were found in the anterior chamber of any eye. At this stage, 10 eyes of five patients were examined by ultrasound biomicroscopy. Ciliochoroidal detachment, which was observed in the active phase in four of these 10 eyes, was no longer detectable in any eye. The depth of the anterior chamber was normal, and dot echoes were not noted in the anterior chamber in any of the 10 eyes. Internal echoes of the ciliary stroma became relatively homogeneous, and the ciliary processes were seen, though not clearly. On cross sectional images, the ciliary body remained thickened. During the remission phase, ultrasound biomicroscopic examination revealed no ciliochoroidal detachment in any of the 14 eyes. On cross sectional images, the ciliary body appeared thinner. The internal echo reflection was more homogeneous, and the ciliary processes were delineated clearly.
The pars plana was significantly thick in the 14 eyes during the active phase (19.15 (SD 5.26) pixels) in comparison with the remission phase (10.56 (2.48) pixels) (p<0.0001). No significant difference was found in the thickness of the sclera between the active (41.5 (3.35) pixels) and remission phase (40.03 (3.16) pixels) (p=0.0814). In the 10 eyes that were examined by ultrasound biomicroscopy at 1 month after steroid treatment, the thickness of the pars plana in the active phase differed significantly from that observed at 1 month after steroid treatment (p=0.0002). Further, there was a statistical difference between the thickness of the pars plana measured at 1 month after steroid treatment and that during the remission phase (p=0.0016). The correlation coefficient of the regression line was 0.679273, and the equation y (predicted value in the remission phase) = 5.33335 + 0.294416 × (actual thickness in the active phase) describes the regression line (p=0.0075). The predicted value in the remission phase ranged from 8.1 to 13.8 (Table 3) . In all 10 eyes that were examined by ultrasound biomicroscopy at 1 month after steroid treatment, the actual thickness was greater at 1 month after steroid treatment than the predicted thickness in the remission phase.
TWO REPRESENTATIVE CASES

Case 1
The patient was a 44 year old woman with blurred vision. She had experienced headache, nausea, and back stiffness for 4 days. Corrected visual acuity was counting fingers at 30 cm in the right eye and 0.9 in the left eye. The number of lymphocytes in the cerebrospinal fluid was increased. The anterior chambers of both eyes were shallow and without inflammatory cells. Serous retinal detachment was found bilaterally at the posterior pole. Fluorescein angiography showed delayed choroidal filling in the early phase and numerous sites of punctate fluorescein hyperfluorescence as well as diffusion of the fluorescein dye into the subretinal space (Fig 2A) . On ultrasound biomicroscopic examination, shallow anterior chambers were noted in both eyes without dot echoes within. Cross sectional images of the ciliary body showed thickening and marked ciliochoroidal detachment (Fig 2B) . The patient was started on high dose corticosteroid treatment, betamethasone sodium phosphate at 20 mg/day. The dosage was decreased gradually over a period of 2 years and then gradually withdrawn. During the course of treatment, there was no inflammation in the anterior segment or fundus, and the fundus gave a sunset glow appearance at the end of the treatment. The patient had no recurrence in either the anterior or posterior segments during the 5 years after high dose corticosteroid treatment and was thus thought to be in remission. The cross sectional images of the ciliary body were thinner than they were in the active phase, and the internal echo was homogeneous. The ciliary processes were delineated clearly (Fig 2C) . The pars plana of the right eye decreased in thickness from 28.6 pixels in the active phase to 11.7 pixels in the remission phase, and that of the left eye decreased similarly from 26.8 pixels to 13.4 pixels.
Case 4
The patient was a 48 year old woman with headache, tinnitus, and blurred vision. Corrected visual acuity was 1.0 in the right eye and 1.2 in the left. Intraocular pressure was 18 mm Hg in the right eye and 16 mm Hg in the left. The anterior chamber was shallow, and inflammatory cells were observed in both eyes. Serous retinal detachment was found bilaterally at the posterior pole. Fluorescein angiography showed delayed choroidal filling, numerous sites of punctate hyperfluorescence, and diffusion of the fluorescent dye into the subretinal space. Ciliochoroidal detachment was not noted on ultrasound biomicroscopic examination. Cross sectional images showed a markedly thickened ciliary body and low echo regions in the ciliary stroma of both eyes. The ciliary processes were not delineated. The patient underwent pulse steroid treatment in which methylprednisolone sodium phosphate was administered intravenously at 1000 mg/day for 3 days. Thereafter, oral prednisolone sodium phosphate was given at 30 mg/day for 1 month and then gradually reduced. After 6 months, when the prednisolone sodium phosphate was being given at 5 mg/day, inflammation recurred in the anterior segment of both eyes. The anterior chambers were slightly shallow, and inflammatory cells were seen within the anterior chamber and vitreous. The optic discs of both eyes were reddish and slightly oedematous. Fluorescein angiography showed bilateral leakage of the dye at the optic disc. On ultrasound biomicroscopic examination, the anterior chambers of both eyes were slightly shallow and showed dot echoes. The cross sectional images showed the ciliary body to be markedly thickened, and low echo regions were observed. The ciliary processes were not delineated ( Fig 3A) . Ten days after the prednisolone sodium phosphate was increased to 30 mg/day, the anterior chamber was of normal depth, and the inflammatory cells in the anterior chamber and vitreous had disappeared. On ultrasound biomicroscopic examination performed 1 month after the prednisolone sodium phosphate was increased, the ciliary processes were apparent, but the ciliary body remained thickened on the cross sectional images (Fig 3B) . One year after the relapse, the cross sectional images of the ciliary body appeared thinner, and the internal echo showed homogeneous reflection. The ciliary processes of the ciliary body were distinct ( Fig  3C) . Thickness of the pars plana in the active phase, 1 month after steroid treatment, and in the remission phase was 20.9 pixels, 16.4 pixels, and 10.4 pixels, respectively, in the right eye, and 10.9 pixels, 9.9 pixels, and 5.5 pixels, respectively, in the left eye. The predicted value for the remission phase was 11.5 pixels in the right eye and 8.5 pixels in the left eye.
DISCUSSION
In Vogt-Koyanagi-Harada disease, histopathological infiltration of inflammatory cells into the iris, ciliary body, and choroid is found. 18 19 The inflammatory changes presumably cause the ciliary body thickening, the decreased internal echo reflection of the ciliary body stroma, the obscured appearance of the ciliary processes, and the ciliochoroidal detachment observed on ultrasound biomicroscopic examination, all of which were seen in the present series. At 1 month after the start of steroid treatment, slit lamp examinations showed that the anterior chamber returned to normal depth and became cell-free in all 14 eyes. In both eyes of the five patients who 
